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Abstract. In a randomized, controlled clinical trial, 110 edentulous patients with 
atrophic mandibles were treated with International Team for Oral Implantology- 
dental implants using three different treatment strategies: a mandibular 
overdenture supported by two implants with ball attachments, two implants with 
an interconnecting bar, or four interconnected implants. The patients’ opinions 
and their social functioning were evaluated by means of a questionnaire directly 
before and 16 months after treatment. Before treatment most patients had 
complaints about the retention o f their mandibular denture. Sixteen months after 
treatment almost all patients were generally satisfied with their dentures. Since no 
significant difference was found between the three treatment strategies, it was 
concluded that simple implant treatment such as an overdenture retained by two 
ball attachments is sufficient.
When using implants in the edentulous 
mandible, different treatment strategies 
can be followed. Four or more implants 
can be placed between the mental for­
amina on which a fixed prosthesis may 
be m ade1"3’18,24. A nother option is to 
insert 2-4  implants which retain a re­
movable overdenture8,14>17>19-23, One 
can differentiate between mainly m u­
cosa-supported, mucosa-implant-sup- 
ported, and mainly implant-supported 
overdentures. The mainly mucosa-sup­
ported implant overdenture is retained 
via magnet or ball attachments on two 
implants, U nder vertical pressure the 
overdenture rests mainly on the mucosa 
and the attachments ensure retention 
and stability during lateral and ex­
trusive movements. The mucosa-im-
plant-supported overdenture is retained 
via a suprastructure, consisting of two 
implants interconnected by a bar, 
screwed onto the implants. This denture 
rests on the mucosa in the dorsal areas 
and on the bar in the anterior region. 
This bar is the axis over which the over­
denture can rotate during vertical dor­
sal loading. Retention and stability are 
ensured during lateral and extrusive 
forces. During vertical loading the im­
plants carry the occlusal loading of the 
denture in the anterior region, but in 
the dorsal region the mucosa is loaded. 
The mainly implant-supported overden­
ture rests, primarily attached to the su­
prastructure, on the implants. The sup­
rastructure is placed on a minimum of 
four intraforaminally placed implants,
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which are interconnected with a triple 
bar. The bar gives retention and sta­
bility to the overdenture. During verti­
cal loading the mucosal denture-bear- 
ing area is hardly loaded.
Reports on the treatment of patients 
with fixed prosthesis on dental implants 
have mostly focused on the clinical suc­
cess of the implants and these results 
are generally good1"3’18,24. Research on 
the functional results of overdentures 
on endosteal implants and on patient 
satisfaction with implant overdentures 
is still rare7’8’lM4’17’19’21“23. Hardly any 
prospective studies on this subject have 
been done4-6,10,15,16.
This study is part of the Breda Im ­
plant Overdenture Study (BIOS) in 
which a randomized clinical trial of
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edentulous patients with denture prob­
lems is being carried out. It has been set 
up to investigate differences with respect 
to the clinical aspects, aftercare and pa­
tient satisfaction, when using the three 
previously mentioned implant-retained 
overdenture treatment strategies. It is a 
unique study in that these three treat­
ment strategies have been compared in a 
randomized way. It is the aim of this 
study to report on patient satisfaction.
Material and methods
«
One-hundred-and-ten edentulous patients 
with denture problems were treated with 
overdentures on one-stage International 
Team for Oral Implantology (ITI)-dentai im­
plants (Straumann AG, Waldenburg, Switz­
erland). One-third received a mainly mucosa- 
implant-supported overdenture on two im­
plants witli ball attachments (2IBA), one- 
third a mucosa-implant-supported overden­
ture on two implants with a single bar (2ISB) 
and one:third received an implant-supported 
overdenture on four implants with a triple 
bar (4ITB). All patients presented at the De­
partments of Oral and Maxillofacial Surgery 
and Special Dental Care and Maxillofacial 
Prosthetics of the Ignatius Hospital in Breda, 
the Netherlands from 1991 to 1993. The pa­
tients were informed about the three implant- 
based treatment strategies that could be fol­
lowed. They were asked if they would agree 
to undergo any of these treatment strategies 
without prior knowledge of which one would 
be chosen. If they agreed, a questionnaire 
taking several criteria into account was filled 
out. The criteria were age, sex, the edentu­
lous period of the mandible and the maxilla, 
the number of previously worn mandibular 
dentures, the age of the present mandibular 
denture and the symphyseal bone height. 
These criteria were used in a computerized 
random allocation procedure aiming at a 
balanced distribution of the patients over the 
treatment groups25. The maxillofacial sur­
geon and the prosthodontist were bound by 
the computed allocation.
Surgical and prosthetic procedures
The implants were inserted in the symphyseal 
area under local anaesthesia. After 10 days the 
sutures were removed, and again 10 days 
thereafter the mandibular denture was 
adapted to the mucosa with a tissue condi­
tioner (Softliner G.C., Japan). Three months 
after implant insertion, a new maxillary den­
ture and mandibular overdenture were made. 
In the case of an overdenture with ball attach­
ments, a Dalla Bona matrix (Centres and Me- 
thaux, Switzerland) was used. The bars con­
necting the two or four implants in the other 
two groups were egg-shaped dolderbars 
(CMST53012p20, Centres and Methaux). 
Either one, in the case of two interconnected 
implants, or three, in the case of a triple bar,
corresponding matrices (CMST51012MMR5 
Centres and Methaux) were incorporated in 
the overdenture. The dentures were manufac­
tured with an optima] fit and balanced oc­
clusion20. Non of the dentures were fitted with 
a precast metal reinforcement.
Dependent variables
Before the treatment allocation, the patients 
were presented with a self-administered ques­
tionnaire on denture satisfaction. It consisted 
of items referring to the mandibular and 
maxillary denture specifically, and general 
items such as speech, aesthetics, retention 
and mastication. Each item could be scored 
on a four or a five-point scale. The patients’ 
social functioning was assessed using seven 
questions on a five-point scale, Sixteen 
months after the new dentures were in place, 
the patients were again questioned on their 
satisfaction using the same questionnaire but 
now with respect to their new dentures.
Data analysis
The pretreatment comparability of the treat­
ment groups were examined by analysis of 
variance (1-way ANOVA). The baseline data 
was subjected to principal component analy­
sis with varimix rotation to explore the struc­
ture of the questionnaire. The reliability of 
the factors obtained was assessed by calculat­
ing Cronbach’s coefficient alpha. On each 
factor, final scores were calculated as the 
mean of the item score, ranging from 0 to 3. 
The 16-month outcome for the three groups 
was analysed using a 1-way ANOVA. In all 
the statistical tests a significance level of 0.05 
was chosen.
Results
Before treatment 110 patients filled out 
the questionnaire. Two of them refused 
the treatment proposition leaving 108
Table L Number of patients treated according to allocation
Base line Dropout Satisfaction analysis Dropout 16 months
2IBA* 36 1 35 I 34
2rSB* 37 0 37 3 34
4ITB* 37 1 36 0 36
110 2 108 4 104
* Abbreviations of the treatment groups. See explanations in Material and methods section.
Table 2. Characteristics of the study sample at baseline according to balancing criteria
2IBA* 2ISB * 4ITB*
Age (years) 50 51.3 53.1
Sex (male) 14 8 12
(female) 22 29 25
Edentulous period mandible 22.5 20.7 23.1
Number of mandibular dentures 3.3 3.3 3.3
Age of mandibular denture 5.3 5.2 5.1
Contour maxilla: Good 25 25 24
Moderate 10 12 12
Bad 1 0 1
Contour mandible: Good 5 4 4
Moderate 15 16 16
Bad 16 17 17
Interforaminal bone height 17 15.7 15.5
Thickness cortex at gonion 1.5 1.9 1.8
* Abbreviations of the treatment groups. See explanations in Material and methods section.
Table 3. Characteristics of factors extracted from questionnaire
Factor No. of items Cronbach’s alpha
Hard foodstuffs 6 0,91
Soft foodstuffs 2 0.72
Speech 4 0.85
Function upper denture 5 0.81
Function lower denture 5 0.94
Function complete denture 4 0.73
Loosening lower denture 7 0.86
Loosening upper denture 7 0.47
Social function with denture 7 0.96
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Table 4. Means of patients’ scores for each factor in the three treatment groups separately, 
before treatment
Factor Range* 2IBA** 2ÍSB** 4ITB** Sign.***
Hard foodstuffs 1-3 2.5 2.4 2.5 NS
Soft foodstuffs 1-3 1.4 1.2 1.3 NS
Speech 5-1 2.5 2.5 2.6 NS
Function mandibular denture 1-6 4.8 4.7 4.7 NS
Function maxillary denture 1-6 2.7 2.6 2.6 NS
Function complete denture 1-5 3.3 3.1 3.5 NS
Loosening mandibular denture 2-1 1.5 1.5 1.4 NS
Loosening maxillary denture 1-2 1.8 1.8 1.8 NS
Social functioning 1-5 2.7 2.5 3.0 NS
* Left value is positive, right value is negative.
** Abbreviations of the treatment groups. See explanations in Material and methods section. 
*** Sign.: Significance 1-way ANOVA; NS=not significant.
Table 5. Means of patients’ scores for each factor in the three treatment groups separately, 16 
months after treatment
Factor Range* 2IBA** 2ISB** 41TB** Sign.***
Hard foodstuffs 1-3 1.2 1.3 1.4 NS
Soft foodstuffs 1-3 1.0 1,0 1.0 NS
Speech 5-1 3.8 3.6 3.9 NS
Function mandibular denture 1-6 2.0 2.0 2.1 NS
Function maxillary denture 1-6 2.2 2.3 2.4 NS
Function complete denture 1-5 1.7 1.8 1.9 NS
Loosening mandibular denture 2-1 1.9 1.9 1.9 NS
Loosening maxillary denture 1-2 1.9 1.9 1.8 NS
Social function 1-2 1.3 1,3 1.2 NS
Treatment assessment 1-4 1.3 1.2 1.3 NS
* Left value is positive, right value is negative.
** Abbreviations of the treatment groups. See explanations in Material and methods section, 
*** Sign.: Significance 1-way ANOVA; NS=not significant.
patients who underwent treatment. 
After a mean period of 16 months (SD 
1), 104 patients filled out the second 
questionnaire. Two patients had not re­
turned the questionnaire, one patient 
had died, while one patient had emi­
grated and could not be located. The 
dropouts were excluded from the satis­
faction analysis. Details are presented 
in Table 1. The characteristics of the 
three treatment groups at the baseline 
is given in Table 2. There was no sig­
nificant difference between the three
groups regarding the variables of allo­
cation (1-way ANOVA).
Factor analysis of the questionnaires
Factor analysis of the questionnaires re­
sulted in nine factors. For all factors ex­
cept loosening of the upper denture, re­
liability proved to be satisfactory rang­
ing on a scale from 0.72 to 0.96. 
Loosening of the upper denture scored 
a Crohnbach’s alpha of 0.47 and was, 
therefore, not reliable (Table 3). Table 4
shows the means of the patients’ scores 
for each factor before treatment. The 
range gives the range in which patients 
answered the questions clustered in the 
various factors. The left value is posi­
tive (good), the right value is negative 
(bad). The means shown in the table in­
dicate the mean scores for the factors 
presented in the three treatment groups 
separately. There was no significant dif­
ference between the means of the three 
groups (2IBA, 2ISB and 4ITB).
Treatment result comparison
Table 5 shows the result of the 16- 
month follow up with ‘regard to the 
questionnaire for the three treatment 
strategies (i-way ANOVA). There was 
no significant difference between them 
for any of the factors investigated. In 
comparison to the results prior to treat­
ment, all subjects showed more positive 
scores.
Table 6 shows the results of the ques­
tions posed on the patients’ social func­
tioning with their dentures before and 
16 months after treatment. The table 
shows that before treatment 55% of the 
patients had difficulties with eating in 
restaurants and 35% had difficulties in 
going to parties. After treatment only 
4% of patients did not feel comfortable 
when eating in restaurants while 2% did 
not feel comfortable when going to 
parties.
Another question posed to the pa­
tients 16 months after treatment was 
“Have you gained weight after the im­
plant overdenture treatment?” . Thirty- 
nine percent of the patients had gained 
weight: 13% between 1 and 2 kg and 
26% more than 2 kg.
One of the criteria used in choosing 
a treatment strategy based on either two 
or four implants was pain in the under­
lying mucosa. The questions posed on 
this subject before and after treatment
Table <5. Answers in percentages with respect to social functioning with complete dentures before (BT) and after (AT) treatment
1* 2* 3* 4* 5*
With the denture I now wear I feel comfortable visiting my family BT 8 56 10 6 4
AT 79 20
With the denture I now wear I feel comfortable entertaining friends in my home BT 1 20 52 11 4
AT 78 20 1
With the denture I now wear I feel comfortable visiting friends BT 18 49 8 19 5
AT 79 18 1 1
With the denture I now wear I feel comfortable at parties BT 14 40 10 23 11
AT 76 20 1 2
With the denture I now wear I feel comfortable when eating in a restaurant BT 10 31 3 35 19
AT 74 20 1 3 1
* 1=1 totally agree. 2=1 agree. 3=No opinion. 4=1 disagree. 5=1 totally disagree.
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Table 7. Answers to question: “Do you feel pain under your lower denture”? (in before­
treatment questionnaire)
Proposed treatment 1* 2* 3* 4* 5*
2IBA** 16 12 1 5 0 34
2ISB** 21 9 1 3 2 36
41TB** 17 9 1 5 2 34
Total 54 30 3 13 4 104
* l=Much pain. 2=Pain. 3=No opinion. 4=Little pain. 5=No pain at all.
** Abbreviations of the treatment groups. See explanations in Material and methods section.
Table 8. Pain under lower denture after treatment
Treatment 1* 2* 3* 4* 5*
Total patient group
2IBA** 0 3 0 15 16 34
2ISB ** 1 2 0 14 19 36
41TB** 0 1 0 19 11 31
Total 1 6 0 48 46 101
Intraforaminal bone height mandible <16 mm
2IBA** 0 2 0 9 6 17
2ISB** 1 1 0 3 14 19
41TB** 0 0 0 10 4 14
Total 1 3 0 22 24 50
Intraforaminal bone height mandible >15 mm
2IBA** 0 1 0 6 10 17
2ÏSB** 0 1 0 11 5 17
41TB** 0 1 0 9 7 17
Total 0 3 0 26 22 51
* l = Much pain. 2—Pain. 3=No opinion. 4=Little pain, 5=No pain at all.
** Abbreviations of the treatment groups. See explanations in Material and methods section.
are presented separately in Tables 7 and
8 , respectively. When comparing the re­
sults, there is an improvement in the pa­
tients’ experience of pain caused by the 
mandibular denture (Tables 7 and 8). 
Eighty-three percent of the patients 
complained about pain caused by the 
mandibular denture before treatment 
whereas after treatment 6% of the pa­
tients had similar complaints. There 
was no statistically significant differ­
ence between the three treatment strat­
egies. When discriminating between pa­
tients with moderate and severe reduc­
tion in mandibular bone height (higher 
or lower than 15 mm measured perpen­
dicularly on an orthopantomogram 
from menton to the top of the alveolar 
ridge), the results show that there is no 
difference between these two groups, 
nor is there any difference between the 
three treatment strategies.
Discussion
Previous studies have shown that im- 
plant-overdenture treatment has a posi­
tive effect on the patients’ opinion 
about their dentures21,22. It was for this
reason that it was decided to design a 
comparative study of three different 
treatment strategies. A randomized 
method was used to allocate treatment 
to the patients, resulting in three groups 
of patients with comparable general 
characteristics at the beginning of the 
trial. At entry the patients were in­
formed on two occasions about the ob­
jectives and consequences of the tria l 
Two patients refused to undergo the 
treatment after the computed treatment 
allocation and refused further cooper­
ation with the research project.
Table 4 shows that before treatment 
there were no differences between the 
three treatment groups with respect to 
the patients’ complaints determined by 
factor analysis. Generally speaking they 
were all discontent with their dentures 
to the same extent. Sixteen months after 
treatment, the responses showed that on 
all the topics addressed in the ques­
tionnaire, the treatment had made a 
positive difference. There is, however, 
no statistical difference between the 
three different treatment strategies. 
These results are comparable to those 
found by G eertm an  et al.9, who com­
pared denture satisfaction in patients 
treated with an overdenture on Intra- 
mobile Zylinder implantaat (IMZ)-im- 
plants with those on a transmandibular 
implant.
There also appears to be no signifi­
cant difference between the three 
groups in the patients’ assessment of 
pain caused by the mandibular denture. 
Table 3 shows that before treatment 
83% of patients complained about pain 
under their mandibular denture com­
pared with only 6% after treatment. 
They are distributed over the total pa­
tient group, which was unexpected since 
the overdentures in the 21 BA group are 
mainly mucosa-supported, meaning 
that more pressure from the denture on 
the underlying mucosa, possibly leading 
to pain, is to be expected. W hen the 
total patient group is divided into rela­
tively higher (>15 mm) and lower (<16 
mm) mandibular height, still no differ­
ence is found between the three groups 
(Tables 4 and 5). This implies that the 
treatment choice does not influence the 
patients’ perception of pain caused by 
the mandibular denture, either in high 
or low mandibles. One reason might be 
that improvement in stability and reten­
tion of the mandibular denture in all 
three treatment strategies is sufficient to 
reduce pain caused by friction or press­
ure on the underlying mucosa.
The patients' perception o f social re­
habilitation as shown in Table 7 is strik­
ing. As published earlier in a retrospec­
tive study21, implant treatment in eden­
tulous patients has a socializing effect. 
The results of this study confirm this 
notion.
Twenty-six percent of patients had 
gained more than 2 kg in weight after 
the implant-overdenture treatment. 
This has not been reported in earlier 
studies making a comparison difficult. 
It is likely that improved denture com ­
fort and possibly the socializing effect 
leads to increased intake o f food.
It was expected that four implants 
with a bar would give more stability to 
the overdenture during function than 
an overdenture on two interconnected 
implants or two implants with ball 
attachments. However, looking at the 
16-month results, it can be stated that 
edentulous patients treated in a simple 
way using two implants with ball 
attachments and a mucosal-implant- 
supported overdenture had the same 
level of satisfaction with regard to func­
tioning and patient satisfaction. Long­
term  evaluation, with emphasis on clin­
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ical and radiological results, is necess­
ary to follow up on the preliminary 
conclusion of this study, i.e. simple m u­
cosa-implant-supported dentures on 
two endosteal implants with ball a ttach­
ments are probably sufficient.
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